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Abstract 
This paper aims to discuss mixed electroosmotic/pressure driven flow of power-law fluids in a T-shaped microchannel subject to 
externally applied electric filed. The Possion-Boltzmann equation and Laplace equation are numerically solved and substituted 
into the modified Navier-Stokes equations. Considering the Possion-Boltzmann equation in the form without Debye-Hückel 
approximation, high order compact finite difference schemes are used for better simulation of velocity field and pressure field as 
a function of flow behavior index, zeta potential and dimensionless electrokinetic width. By setting the electric force at the inlet, 
detailed numerical results indicate that the shear thinning fluids are more sensitive to effects of zeta potential and dimensionless 
electrokinetic width compared with Newtonian and shear thickening fluids. If we set the electric force at the inlet and along the 
horizontal walls, the dimensionless electrokinetic width effects on the flow increase as the flow behavior index decreases, and the 
zeta potential effects result in the buildup of reverse flow in vertical channel, independent of the value of the flow behavior index. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of The Chinese Society of Theoretical and Applied Mechanics (CSTAM). 
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1. Introduction 
The microfluidic devices have become very attractive due to their widespread applications in micro-electro-
mechanical systems (MEMS) in recent years. The electroosmotic micropumping has attracted growing attention due 
to the advantages such as ease of fabrication, no moving parts and no noise [1]. The studies [2] present numerical 
solutions under the Debye-Hückel approximation for EOF of power-law fluids in a slit microchannel subject to 
favorable and adverse pressure gradients. Dutta et al. [3] numerically simulated the mixed EOF/PDF of Newtonian 
 
 
* Corresponding author. Tel.: +86 20 84036235; fax: +86 20 84036235. 
E-mail address: mcszqy@mail.sysu.edu.cn 
 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of The Chinese Society of Theoretical and Applied Mechanics (CSTAM)
741 Yijie Zhuang and Qingyong Zhu /  Procedia Engineering  126 ( 2015 )  740 – 744 
fluids in microchannels. Heat transport characteristic and fluid flow of mixed EOF/PDF in different types of 
microchannels were investigated in these studies [4-5].  
In the present problem, most microfluidic devices are frequently used to analyze biological fluids with non-
Newtonian fluid behavior. The T-shaped microchannel is used in this paper to optimize actual microfluidic system 
design in the widely used biomedical applications such as DNA sequencing, species separation and drug delivery. 
Ebrahimi et al. [6] numerically studied the effects of embedded obstacles and various distributed zeta potentials on 
mixing enhancement and heat transfer for mixed EOF/PDF of Newtonian fluids through T-shaped microchannels. 
Owing to the complexity of flow characteristic of power-law fluids, high order compact difference schemes are 
proposed for better simulation in this paper. Meanwhile, no work related to mixed EOF/PDF of power-law fluids in 
T-shaped microchannels has yet been reported.  
 
Nomenclature 
e elementary charge, 191.6 10e C u  
h microchannel half-height, 610 10 mh  u  
kB Boltzmann constant, 
231.38 10 /
B
k J K u  
n flow behavior index 
nλ bulk ionic concentration 
Re Reynolds number 
T absolute temperature, 293K 
U reference velocity, 0.1 /U mm s  
ɂ relative dielectric permittivity, 80H   
ɂ0 permittivity of vacuum, 120 8.85 10 /F mH  u  
ɖ valence number of the ion, : 1:1F F    
Ɍ zeta potential 
Ɉ thickness of EDL 
I  applied electric potential, 10VI   
ɏ fluid density, 3 310 kg / mU   
ߤ fluid dynamic viscosity constant, 49 10 nPa sP  u   
 
2. Model description 
In Fig.1, two-dimensional, fully developed, incompressible and laminar flow of power-law fluids is considered.  
 
Fig. 1. Schematic of the T-shaped microchannel and the coordinate system used for modeling. 
2.1. Electric potential distribution 
The electric potential ɗ(x,y) of the EDL can be governed by dimensionless Possion-Boltzmann equation 
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2.2. Modified Navier-Stokes equations for power-law fluids 
The dimensionless modified Navier-Stokes equations for power-law fluids can be expressed as 
 0/ /u x v y  w w w w , (2) 
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. (4) 
The applied electric field can be expressed by the dimensionless Laplace equation 
 
2 2 2 2
0/ /x yM M  w w w w . (5) 
where /t tU h , /u u U , / ,v v U 
0
/ ,Re UhU P  2/ ,P P UU ,/M M I  
 
1
22 / ,G Uen UF If  1 12 0/n nG n U hP P  . The boundary conditions are: 
Inlet: / 0, / 0, 0, 1, 1x u x v P\ Mw w  w w     . Outlets: / 0, / 0, / 0, 0, 0y u y v y P\ Mw w  w w  w w    .  
Horizontal walls: 1, 0, 0 / 0, / 0(case1)u v P y y\ M   w w  w w    or case=1M ˄  .˅  
Vertical walls: 1, 0, 0 / 0, / 0u v P x x\ M   w w  w w   . 
3. Numerical methods 
This paper used the artificial compressibility method proposed by Chorin [7] to solve the N-S equations. The 
third-order Runge-Kutta method is presented to figure out the model in terms of time. Fifth-order upwind compact 
difference scheme is constructed for discretizing the convection terms and fourth-order compact difference scheme 
is constructed for discretizing the viscous terms and source terms.  
      , , , 1, 2, 1, , 1,3 / 5 2 / 5 11 47 3 / 60x i j x i j x i j i j i j i jF f F f f f f fG           , (6) 
                          , , , 1, 2, 1, , 1,3 / 5 2 / 5 11 47 3 / 60x i j x i j x i j i j i j i jF f F f f f f fG           , (7) 
                              , 1, , , , 1, 1, 1,/ 6 2 / 3 / 6 / 2x i j x i j x i j i j i jF f F f F f f f x       ' , (8) 
         2, 1, , , , 1, 1, , 1,/ 12 5 / 6 / 12 2 /x i j x i j x i j i j i j i jS f S f S f f f f x        ' ,  (9) 
where  , , 1, /x i j i j i jf f f xG r r  ' , f represents u , v , P  and M  .  , ,x i jF fr  and  , ,x i jF f  are the difference 
approximations of / xfw w ,  , ,x i jS f   are the difference approximations of 2 2/ xfw w . For a sufficiently smooth 
solution M in Eq.(5), its second partial derivatives with respect to x  at an interior grid point can be expressed by [8] 
 2 2 2 2 3 3 4 6 6 6/ / 12 / / 360 / ( )
x
x x x x x O xM G M M Mw w   '  w w  '  w w  ' , (10) 
where  3 3 3 2/ /x y xM Mw w  w w w ,  4 4 4 2 2/ /x y xM Mw w  w w w . Substituting Eq. (10) into Eq. (5), a fourth-order 
compact finite difference scheme is obtained for Laplace equation. Without Debye-Hückel approximation, we use 
the Taylor series expansion to iterate nonlinear source term of Eq.(1) as: 
       1 1sinh sinh coshm m m m mD\ D\ D \ \ D\    , where subscript m is the values in the iteration.  
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4. Results  
 
 
Fig. 2. Velocity distribution for two cases while α=1.0.Case 1: (a) n=0.8, (b) n=1.0, (c) n=1.2. Case 2: (d) n=0.8, (e) n=1.0, (f) n=1.2. 
 
 
Fig. 3. Velocity distribution for two cases while β=100.0. Case 1: (a) n=0.8, (b) n=1.0, (c) n=1.2. Case 2: (d) n=0.8, (e) n=1.0, (f) n=1.2. 
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Fig. 4. Pressure distribution of power-law fluids for case 2 while β=100.0. (a) n=0.8, α=1.0; (b) n=0.8, α=3.0; (c) n=1.2, α=1.0; (d) n=1.2, α=3.0. 
5. Discussion and conclusion 
We focus on studying the outlet velocity profiles in vertical channel while velocity profiles in parallel channel 
can be validated with the analytical solutions [9]. Fig. 2 shows that dimensionless electrokinetic width has more 
significant effects on flow field of shear thinning fluids than that of shear thickening fluids via increasing in value of 
β. The velocity profiles of mixed EOF/PDF of power-law fluids in T-shaped microchannels are classical parabola-
like within the case 1 by setting the electric force at the inlet. In particular, by setting the electric force at the inlet 
and along the horizontal walls (i.e. case 2), the velocity profiles of shear thinning fluids are totally different from 
case 1. A reverse flow may occur with the increase in electrokinetic width. For the case of Newtonian fluids and 
shear thickening fluids, the velocity profiles become more and more plug-like in Figs. 2e and f. In Fig.3, zeta 
potential also has the corresponding effects on the flow field of power-law fluids via increasing in value of α. 
Similarly, velocity profiles of power-law fluids are parabola-like through the T-shaped microchannel within case 1. 
Based on case 2 shown in Fig. 4, the negative pressure is generated and it causes the obvious reverse flow in vertical 
channel in Figs.3d, e and f for both shear thinning fluids and shear thickening fluids. 
Overall, detailed results provide a useful insight into the effects of dimensionless electrokinetic width and zeta 
potential on mixed EOF/PDF of power-law fluids in T-shaped microchannels. This numerical model may be helpful 
in the design and optimization of potential medical applications such as the micro rheometer and analysis of blood. 
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